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AbstractFuzzy-connectedness principles are effective 
for image segmentation. In this paper, such a principle is 
applied to video denoising. Assume a video signal suffers 
from both additive white Gaussian noise and impulsive 
noise. The corrupted signal is filtered by a fuzzy system, 
which fuzzily connects a Wiener filter and a median filter 
together. The simulation results show that the 
fuzzy-connectedness approach produces desirable 
outputs. 
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I. INTRODUCTION 
 
Noise is usually corrupted into a video signal during the 
transmission. Hence, video denoising plays an important role 
in research this decade. 
An existing method for video denoising is subband 
denoising [1]. A video signal is required to break down into 
several subbands, and denoising techniques are applied on 
each subband. The computation complexity is too high for 
real-time video signal processing. 
A hybrid Wiener-median filter is also proposed [2, 3]. 
However, a high percentage of the corrupted signal is fed 
forward to the output, and the result is undesirable. 
Fuzzy approaches are suggested in [4, 5]. But those 
methods employ a center average defuzzifier, which acts as a 
lowpass filter. The output is blurred and the image details are 
destroyed. 
In this paper, a fuzzy-connectedness approach is 
proposed. Since a simple lowpass filter, such as a Wiener 
filter, is effective for additive white Gaussain noise (AWGN), 
while a nonlinear filter, such as median filter, is good for 
impulsive noise, both filters are employed in the fuzzy system. 
The problem is how to integrate these two filters. It is found 
that a fuzzy connection among these two filters gives a 
desirable result. 
 Fuzzy-connectedness principles are reviewed in 
Section II and similar principles for system connections are 
derived in Section III. Based on the derived principles, a 
video denoising algorithm which employs 
fuzzy-connectedness principles is proposed in Section IV. 
Simulation results are shown in Section V and a conclusion is 
given in Section VI. 
 
II. REVIEW ON FUZZY-CONNECTEDNESS 
PRINCIPLES 
 
 Fuzzy-connectedness principles are widely applied to 
image segmentation [6, 7]. Two pixels in an image, a and b, 
are said to be fuzzily connected in a set A if there exists a 
fuzzy membership value A(a,b)(0 1). 
 
III. FUZZY CONNECTION OF SYSTEMS 
 
For the fuzzy-connectedness principles applied to 
image segmentation, there is no real connection among the 
pixels. The fuzzy membership value is a measure of how two 
pixels belong to the same object. However, in the case of 
system connections, there is a real connection among the 
signals in a system and signal conflict may occur. In order to 
work on this problem, adders are connected to the input and 
output of each sub-system. The model is as below: 
Assume there are N sub-systems Ti, where i=1,2,…,N, 
with the input and the output of Ti being xi and yi, respectively. 
Let the input and output of the sub-systems, including the 
adders, be ui and zi, respectively, as shown in figure 1. Define 
a set A which is the collection of the signals xi and yi. That is, 
A={x1,x2,…,xN,y1,y2,…,yN}. Let a,bA. The signal a is said 
to be fuzzily connected to b in A if there exists a fuzzy 
membership value A(a,b)(0 1). 
 The fuzzy connection is equivalent to connecting a 
signal a to an amplifier with the gain A(a,b), and then 
connect the output of the amplifier to the adder which 
corresponds to the signal b as shown in figure 2. In general, 
the fuzzy connection of systems can be realized as a neural 
network, with neurons Ti. 
 For a general case, A(a,b)=A(b,a) is not necessarily 
true. But, A(a,a) should be zero for all a in A. Otherwise, a 
signal conflict may occur in the adders. 
 Since fuzzy connection includes all the connections 
among xi and yi, the traditional series, parallel and feedback 
connections are particular cases of fuzzy connection. 
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A. Traditional series connection 
 
 If Ti is connected to Tj in series, that is, zj=Tj(Ti(ui)) 
and uj=0, the corresponding fuzzy membership values are all 
zero except A(yi,xj)=1. Similarly, if Tj is connected to Ti in 
series and ui=0, the corresponding fuzzy membership values 
are all zero except A(yj,xi)=1. 
 
B. Traditional parallel connection 
 
 If Ti is connected to Tj in parallel, that is, zi=Ti(ui), 
zj=Tj(ui) and uj=0, the corresponding fuzzy membership 
values are all zero except A(xi,xj)=1. 
 
C. Traditional feedback connection 
 
 If Tj is feedback connected to Ti, that is, zi=Ti(ui+Tj(zi)) 
and uj=0, the corresponding fuzzy membership values are all 
zero except A(yi,yj)=1 and A(xj,xi)=1. 
 
IV. VIDEO DENOISING USING 
FUZZY-CONNECTEDNESS PRINCIPLES 
 
In our denoising system, a Wiener filter and a median 
filter are employed. If T1 is a Wiener filter and T2 is a median 
filter, respectively, then A={x1,y1,x2,y2}. There are a total of 
four elements in set A. Hence, we have 16 connections among 
those elements and each connection is associated with a fuzzy 
membership value as below: 
 x1 x2 y1 y2 
x1 A(x1,x1) A(x1,x2) A(x1,y1) A(x1,y2) 
x2 A(x2,x1) A(x2,x2) A(x2,y1) A(x2,y2) 
y1 A(y1,x1) A(y1,x2) A(y1,y1) A(y1,y2) 
y2 A(y2,x1) A(y2,x2) A(y2,y1) A(y2,y2) 
Table 1. Fuzzy membership values of proposed system 
 The whole system is realized as a neural network as 
shown in figure 3. 
 The problem becomes how to decide on those fuzzy 
membership values. We propose to use the first frame of a 
video sequence to train those 16 coefficients and use the 
trained coefficients to reduce the noise for the subsequent 
frames of the video sequence. 
 
V. SIMULATION RESULTS 
 
A set of 100 frames of size 288x360 8-bit gray video 
sequence “Claire” is corrupted by AWGN with zero mean 
variance=100 and impulsive noise with density 0.1. The 
video sequence is filtered through the proposed fuzzy system 
with a 3x3 Wiener filter and a 3x3 median filter. The quality 
of each frame of a video sequence is measured by the 
peak-signal-to-noise ratio (PSNR) and defined as follows: 
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Although the first frame is used for training, it can be 
seen in figure 4 that the PSNR of other frames is almost the 
same as that of the first frame. The quality of the video 
sequence is shown in figure 5. We can conclude from the 
results that the fuzzy-connectedness approach gives the best 
quantitative and qualitative results among the existing 
methods. 
 
VI. CONCLUDING REMARKS 
 
 In this paper, a video denoising algorithm using a 
fuzzy-connectedness approach is proposed. Since Wiener 
filter is effective for AWGN and median filter is good for 
impulsive noise, a fuzzy connection between these two filters 
gives a desirable result. 
 If the noise power of AWGN and the impulsive noise is 
altered due to the change of the transmission channel, we only 
need to train the new set of fuzzy membership values based 
on the first frame of the video sequence. This guarantees a 
desirable result. 
 In the case of the change of the noise nature, for 
example, Gaussianly distributed noise is changed to 
uniformly distributed noise; we need to change to another 
type of filter which is effective for uniformly distributed 
noise. Finally, we re-train the fuzzy membership values to get 
a desirable result. 
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Fig. 5. Simulation results of corrupted video signal Claire processed by different algorithms 
